Yeast cell walls can strengthen the immune system and promote agglutination of gastrointestinal tract pathogens, thereby improving animal health and productivity. This study evaluated the effect of supplementing the diet of commercial laying hens with 0, 225, 450, or 900 ppm of yeast cell wall supplement on hen productive performance, egg quality, and economic viability. Yeast cell wall supplementation increased the feed intake, egg production, egg mass, albumen height, and Haugh unit score. Shell thickness and yolk color also were affected by the treatments. The economic viability analysis demonstrated that although feeding costs more with supplementation, the production of more eggs is possible, resulting in a greater than proportional increase in the gross margin. Thus, yeast cell wall supplementation had beneficial effects on the productive performance of laying hens, improved the internal and external egg quality, and contributed to greater profitability.
after questions were raised about the use of subtherapeutic levels of antibiotics and the potential for developing microbial resistance [1] . This supplement is produced as a by-product of fermentation during ethanol production, in which Saccharomyces cerevisiae is the main species employed. Millions of liters of biofuel are produced daily, especially in Brazil, and aggregations of this by-product serve as a valuable source for appropriate uses; similar to other industrial wastes, this by-product is highly polluting to the environment [2] .
Studies of broilers have found that diets supplemented with yeast cell walls favor the development of ileal villi, resulting in better growth performance [3] and an increased humoral immune response [4, 5] . Laying hens exhibited improved economic efficiency in egg production [6] , increased eggshell quality [7, 3] , increased egg production, and a reduced mortality rate after supplementation with yeast cell walls [8] . However, hens reared in cages may exhibit a decreased response to the use of yeasts because these chickens do not experience any major health challenges [9] . This supplement also attenuates the harmful effects of mycotoxins in broilers [10, 11] and even reduces the gastrointestinal absorption of mycotoxins in laying hens due to the ability to adsorb and degrade these toxins [12] . However, the use of yeast cell wall supplementation is more widespread in broilers, and few studies exist on its application in commercial laying hens. Thus, the aim of this study was to evaluate the effects of yeast cell wall supplementation in the diets of commercial laying hens from 21 to 67 wk of age on economic viability, productive performance, and egg quality.
MATERIALS AND METHODS

Birds and Experimental Design
The experiment was conducted at the Laboratory of Poultry Research, School of Veterinary Medicine and Animal Science, University of São Paulo (Universidade de São Paulo-USP), Pirassununga Campus, Brazil. The experimental procedures were approved by the USP Research Ethics Committee (14.1.370.74.1).
A total of 256 laying hens (Hy-Line W-36) at 21 wk of age was used and fed the dietary treatments until 67 wk of age. The hens were distributed following a completely randomized design into 4 treatments and 8 replicates (cages) with 8 hens per experimental unit. The treatments comprized diets supplemented with zero, 225, 450, or 900 parts per million (ppm) of Saccharomyces cerevisiae cell walls. The corn and soybean meal-based diets were developed according to the nutritional levels practiced by the industry and based on the recommendations of Rostagno et al. [13] ( Table 1) .
The galvanized wire cages had 4 subdivisions (L × W × H = 45 × 25 × 40 cm) that housed hens in pairs and were equipped with nipple drinkers and tube feeders (manually filled feed trough), with water and feed provided ad libitum. The lighting program used was suggested by the Hy-Line manual. The maximum and minimum mean temperatures recorded during the experimental period were 21.94 ± 2.90
• C and 21.71 ± 2.91
• C, respectively.
Measurement of Productive Performance and Egg Quality
The following productive performance data were evaluated every 28 d: feed intake (g/hen/d), egg production (%), egg weight (g), egg mass (production x egg weight, g), feed conversion per dozen (feed intake/egg production x 12, kg/dozen), and feed conversion per egg mass (feed intake/egg mass, kg/kg). Egg quality was evaluated 2 d before the end of the 28-day cycle (on d 26 and 27), at which time the eggs of that day's production were sampled and analyzed for the following characteristics using a Digital Egg Tester [14]: albumen height (mm), yolk color [15], Haugh unit [HU = 100 x log (albumen height -1.7 x egg weight 0.37 + 7.6)], breaking strength (kgf), and shell thickness (mm). The unsellable eggs, including cracked and broken eggs and those with a soft shell or without a shell, also were recorded and presented as a percentage of each of the experimental treatments.
Statistical Analysis
All analyses were performed using SAS/ STAT R software [16] with an alpha level of P < 0.05 used to determine significance. 12,500 g iron; 17,500 g manganese; 12,500 g zinc; 300 mg iodine; 50 mg selenium; 75,000 FTU phytase; 5000 mg zinc bacitracin.
The productive performance and egg quality data were evaluated for normality and homoscedasticity. Variables that satisfied the assumptions were analyzed using the PROC GLM procedure; variables without homoscedasticity (production, feed conversion per dozen and per mass) were analyzed by the PROC MIXED procedure; and variables without a normal distribution (HU) were subjected to the Kruskal-Wallis test, maintaining the sample means. A multiple comparison test (Duncan) was used for analysis of variance.
The polynomial regression analysis was performed for the levels of yeast cell wall supplementation using PROC REG. For the variable feed intake, a significance value of P < 0.09 was used to choose a quadratic model. The coefficient of determination was calculated using the sum of squares divided by the treatments sum of squares.
Economic Analysis
The mean monthly prices of corn, soybean meal, and one dozen large eggs from May 2007 to April 2017 were collected from the Institute of Agricultural Economics (Instituto de Economia Agrícola-IEA-APTA) to obtain the representative historical nominal prices. The nominal prices were corrected using the Brazilian National Consumer Price Index (Índice Nacional de Preços ao Consumidor-INPC) of the Brazilian Institute of Geography and Statistics (Instituto Brasileiro de Geografia e Estatística-IBGE) for April 2017, according to Hoffman [17] . The actual average prices were obtained using the corrected prices of corn, soybean meal, and one dozen eggs ( Table 2 ). The prices paid to acquire dicalcium phosphate, lime, salt, vitamin-mineral premix, and yeast cell wall supplement in June 2013, also corrected by the INPC for April 2017, were used because no public historical data were available. The actual average prices of the feed ingredients (Table 2 ) were used to calculate the experimental feed costs ( Table 5 ).
The production costs of one dozen eggs were calculated using the data on the feed conversion per dozen eggs multiplied by the experimental feed cost. The mean total dozens of eggs produced during the 47-week period per treatment was used to calculate the average total gross revenue. The mean total amount of feed consumed per treatment was multiplied by the respective feed cost to obtain the average total cost of feeding the laying hens. The average total gross margin was obtained by subtracting the average total feed cost from the average total gross revenue. Note that only the feeding costs were subtracted when calculating the average total gross margin because the costs of energy, labor, and other factors were considered equivalent for all treatments. The percentage variations in the average total feeding cost, average total gross revenue, and average total gross margin of the treatments with yeast cell wall supplementation compared to the control were calculated. All basic data were in Brazilian currency (Brazilian Real, BRL), and all calculations were thus made using BRL. The resulting final values were converted to United States dollars (USD), considering an exchange rate of USD 1.00 = BLR 2.2818; this represented the average rate of the period considered when calculating the average prices of the feed ingredients.
RESULTS AND DISCUSSION
Laying hens fed a diet containing 450 ppm yeast cell wall showed higher feed intake than hens fed diets with zero and 225 ppm yeast cell wall; the 900-ppm diet did not differ from these treatments (Table 3) . Egg production and egg mass were higher for the 450-ppm treatment than for the other treatments. Feed intake, egg production, and egg mass showed a quadratic polynomial response. By analyzing the equation derivatives, the following maximum values were found: an intake of 97.65 g at the 591-ppm yeast cell wall supplementation level, egg production of 86.28% at the 553-ppm yeast cell wall supplementation level, and an egg mass of 51.33 g/hen/d at the 566-ppm yeast (Table 3 ). The mortality rates did not differ significantly and thus were not related to the treatments (2.01, 1.94, 3.01, and 2.39%; P = 0.5583). In contrast, Hashim et al. [1] found no differences in feed intake or egg production of laying hens supplemented with 250 and 500 ppm of yeast cell wall; additionally, no effect on the feed conversion per dozen eggs was observed. Similarly, Gurbuz et al. [18] found that supplementation with 50 ppm of yeast cell walls increased egg production, feed intake, and hen weight, but no effect was observed on egg weight, mortality rate, or feed conversion. According to Ç abuk et al. [8] , the use of mannan-oligosaccharides (1,000 ppm) led to increased egg production and a lower mortality rate among the treatment groups, but no effect was observed on the feed intake of the hens. The treatments significantly influenced the albumen height and HU values, which are directly related, as the HU value is obtained by the albumen height corrected for the egg weight (Table 4 ). Higher albumen height and HU values were observed for the 450-ppm treatment than for the zero-ppm treatment, and treatments containing 225 and 900 ppm of the feed additive did not differ. Eggs that exhibit values higher than 72 HU are considered excellent quality, values from 60 to 72 HU are high quality, and values lower than 60 HU are low quality [19] . Thus, the eggs from all treatments including the control exhibited excellent quality; however, the use of supplementation did improve the internal egg quality. A quadratic effect was observed for the yeast cell wall supplementation level on albumen height and HU values. The derivative of the albumen height equation indicated a maximum albumen height of 8.06 mm at the 547-ppm supplementation level and a maximum HU of 89.08 HU at the 535-ppm supplementation level.
The greatest eggshell thicknesses were obtained in the eggs of hens fed the diet with zero and 450 ppm of the additive; however, the eggs of hens fed the 450-ppm treatment did not significantly differ from those of hens fed the other treatments (Table 4 ). In contrast, no effect of treatment was noted on the shell strength. Supplementation with yeast cell walls did not improve the yolk color. Although yeast cell walls contain carotenoids, their use to alter the yolk pigment is not the primary goal but does improve product acceptance by consumers. Yolk color exhibited a quadratic response, and shell thickness exhibited a negative linear response because the control treatment showed a similar or better response than yeast cell wall supplementation, and the estimated values within the analyzed interval did not indicate feasibility. Several studies have found a beneficial effect on the eggshell with the use of mannan-oligosaccharides; however, the mechanisms involved are still not well understood [1, 20] . High temperatures are known to affect eggshell quality; however, Bozkurt et al. [7] used 1 g/kg of mannanoligosaccharides in laying hens reared under moderate and hot climatic conditions and found no effect on the shell thickness. However, they did observe a higher mortality rate, reduced albumen height, and reduced HU values. This finding indicates that heat stress negatively affected the productive performance and egg quality even with the supplementation of 1 g/kg of mannanoligosaccharides. The unsellable egg percentage was numerically higher for the treatment without yeast cell wall supplementation; however, no significant treatment effects were found (Table 4) . Similarly, Gurbuz et al. [18] found no difference in the number of cracked and dirty eggs when using yeast cell wall supplementation in laying hens. Under some circumstances, yeast cell wall supplementation may not have a direct effect on productivity but may have an effect on the quality of the products from animals that received dietary yeast supplementation. For example, a beneficial effect is often noted in the quality of the eggs produced by the laying hens. In many cases, the non-expression of biological responses to animal nutrition may be related to the chemical composition of the other diet ingredients, supplementation level, adaptation, and selectivity of the biota to the prebiotic or even to the animal's stress level [21] . Another hypothesis is that hens reared in cages may exhibit a decreased response to yeast use, as they are not being maintained under challenging sanitary conditions. In a study conducted by Martínez et al. [9] , egg production, feed intake, feed conversion, HU values, shell thickness, and yolk color did not differ when supplementing the diets of the laying hens (45-week-old Bovans White) reared in cages with supplementation of 500 ppm of yeast cell walls. However, in a second experiment conducted with floor-reared laying hens (43-week-old ISA Brown) supplemented with yeast cell walls, better feed conversion, egg production, and egg mass were obtained; these results were similar to those found using zinc bacitracin. This finding may be due to the effect of the mannan-oligosaccharides on the bacterial levels in the gastrointestinal tract; the mannan-oligosaccharides act as alternative binding sites for pathogenic bacteria and prevent the pathogens from attaching to the intestinal wall [22] , and when combined with 1,3/1,6-β-D-glucans, they also stimulate the innate immune system, which is the body's first line of defence against pathogenic agents [23] . Thus, better hen productive performance, such as increased egg production and mass, may be related to the higher availability and digestibility of the nutrients in the diet and therefore may be due to a better balance of intestinal biota.
The inclusion of yeast cell walls per metric ton of feed was not costly (Table 5 ) due to the small amount that was added. The average cost for producing one dozen eggs with 450 ppm of supplement was 3.26% lower than that of the other treatments.
The mean total production of one dozen eggs during the supplementation period was numerically higher than the control treatment, as observed for the 450-ppm level, in which the production was 4.08% higher than the production of the hens fed the control feed. Consequently, the gross revenue was higher with supplementation, as indicated by its increase from 1.46 to 4.09%, compared to the control.
Hens supplemented with 450 ppm of yeast cell walls exhibited feed intake approximately 1.09% higher than hens fed the other treatments. As a result, the feeding cost of this treatment was increased by 1.39% compared to the control. Similarly, the feeding costs with 225 and 900 ppm supplements were 0.01 and 0.68% higher than the control treatment, respectively.
The variation in total gross income indicates that increased revenue was generated when yeast cell wall supplementation was used in the diet of laying hens compared to the control. These data indicate the economic viability of using this supplement in egg production because even though the feed may cost more, as in the case of supplementation with 450 ppm, it is possible to produce more eggs, resulting in a greater than proportional increase in the gross margin when using the supplement. Hassan and Ragab [6] also found better economic efficiency with mannanoligosaccharides supplementation (0.1%) in the diet of laying hens. Thus, economic analysis is an important tool for decision making, as the supplement would not be used if it was technically efficient but not economically viable. According to Gameiro [24] , maximum technical efficiency does not necessarily imply maximum economic efficiency; understanding these concepts is very important in the application of economic analysis in the field. Thus, yeast cell wall supplementation exhibited beneficial effects on the productive performance of the laying hens and improved the internal and external egg quality, and these effects combined to achieve better profitability. However, unlike the extensively proven benefit obtained when using yeast cell wall supplementation in broilers, the benefits of using yeast cell walls as a prebiotic for laying hen nutrition are less well studied and understood.
CONCLUSIONS AND APPLICATIONS
1. The use of yeast cell wall supplementation in the feed of white egg-laying hens from 21 to 67 wk of age results in better productive performance and egg quality. The mean ideal value estimated within the analyzed interval for supplementation was 553 ppm of the supplement to reach maximum egg production. 2. Supplementation of yeast cell walls in the diet of laying hens is economically feasible, increases the gross margin, and increases egg profitability for farmers who seek to maximize profit. 3. Among the levels tested, supplementation with 450 ppm of yeast cell walls exhibited the best productive performance, egg quality, and economic results.
